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© Circuit for an electromagnetic rotation sensor. 



© The circuit comprises a first threshold compara- 
tor (2.3) with hysteresis which is arranged to provide 
a reference signal <V C ) indicative of the zero-crossing 
of the sensor signal (V p ). Also connected to the 
sensor (?) is en integrator circuit (4) whose output is 
connected to the input ol a second threshold com- 
parator (7). The latter provides an inabllng output 
signal (V.) only when the Integrated signal (V,) ex- 
ceeds a reference signal (V 2 ) whose amplitude var- 
ies In a predetermined manner in dependence on 
the amplitude of the integrated signal (V, ). An in- 
^.abling circuit (14) is connected to the two threshold 
^comparators (2,3;7) and outputs the signal (V c ) 
^generated by the first comparator (23) only when 
2 the second comparator (7) emits an enabling output 
0) signal (V«). 
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A circuit for processing the signal generated by a variable-reluctance electromagnetic rotation sensor 



The present invention relates to a circuit for 
processing a signal generated by a variable-reluc- 
tance electromagnetic rotation sensor of the so- 
called phonic wheel type, or the like. 

In particular, the invention relates to a circuit 
comprising: 

first threshold comparator means for comparing the 
signal provided by the sensor with a first threshold 
signal and providing an output reference signal 
indicative of the zero-crossing of this signal, 
an integrator circuit which is likewise intended to 
be connected to the sensor, 
second threshold comparator means for providing 
an enabling signal when the signal provided by the 
integrator exceeds a second threshold signal, and 
a logic circuit having first and second inputs con- 
nected to the output of the first and second com- 
parator means respectively and arranged to trans- 
mit an output reference signal which is indicative of 
the zero-crossing of the signal of the sensor only 
when the second comparator means provide the 
enabling signal. . t , t 

Variable-reluctance electromagnetic rotation 
sensors of the so-called phonic wheel type, have 
various applications, particularly in the automotive 
field, for example, for the detection of the rate of 
rotation of the drive shaft or for detecting the 
moments at which pistons of the engine pass 
through top or bottom dead centre. 

These sensors typically each comprise a tooth- 
ed rotor which Is rotated by a rotary member, and 
an associated inductive pick-up. 

The detection of the passage of the rotary 
member with which the rotor is associated through 
predetermined angular positions-is detected by the 
comparison of the signal of the pick-up with refer* 
ence signals and/or the detection of the zero-cross- 
ing of the pick-up signal. 

The signal typically provided by an electro- 
magnetic rotation sensor of the type described 
above has an amplitude which varies greatly In 
dependence on the rate of rotation of the toothed 
rotor and In general is rather "dirty" in that its 
amplitude can be altered significantly as a result of 
pulsed interference picked up. The information ob- 
tainable by the comparison of the amplitude of this 
signal with reference levels can consequently be 
erroneous and is therefore in general not very 
reliable. 

In the European patent application published 
with the number 0166699, in the name of the same 
Applicant, a circuit of the type specified above was 
proposed for avoiding the problems described 
above and therefore ensuring more reliable opera- 
tion even in the presence of pulsed interference 



picked up by the pulse generated. In effect, whilst 
the amplitude of the signal provided by a variable- 
reluctance sensor varies considerably in depen- 
dence on the rate of rotation of the toothed rotor, 
5 the amplitude of the integral of the signal should, at 
least In theory, have a constant dynamic range: the 
integral of the pick-up signal is In effect propor- 
tional to the magnetic flux linkage between the 
rotor and the pick-up, which does not change with 
70 variations in the rate of rotation. 

The circuit according to European patent ap- 
plication 0166699 therefore included a threshold 
comparator which compared the amplitude of the 
integrated signal with a constant-level threshold 
re signal; only when the integrated signal exceeded 
the constant threshold signal did this comparator 
provide an enabling signal to a logic gate which, in 
this case, allowed the signal indicative of the zero- 
crossing of the signal generated by the sensor to 
20 proceed. 

Tests and measurements carried out by the 
inventors, however, have ascertained that, for an 
identical angular position of the shaft with which the 
sensor is associated, the integral of the sensor 
25 signal has an amplitude which varies as the rate of 
revolution of the shaft varies in a unit of time. 'This 
amplitude is therefore not a characteristic which is 
invariable with variations in the rate of rotation of 
the rotor of the sensor. 
30 Starting from this experimental finding, the ob- 
ject of the present Invention Is to provide a circuit 
of the above-mentioned type which has even more 
reliable and precise operation than those of the 
prior art 

This object is achieved, according to the inven- 
tion, by means of a circuit of the type specified 
above, the main characteristic of which lies In the 
fact that the second comparator means comprise: 
a generator circuit connected to the output of the 
integrator circuit for generating a threshold signal 
whose amplitude is variable In a predetermined 
manner in dependence on the amplitude of the 
signal emitted by the Integrator circuit, and 
a comparator circuit for comparing the signal emit- 
ted by the integrator circuit with the threshold sig- 
nal. 

According to a further characteristic of the in- 
vention, the threshold-signal generator circuit com- 
prises: 

a peak-detector circuit having its input connected 
to the output of the integrator circuit 
storage means connected to the output of the 
peak-detector and to the threshold-signal input of 
the second comparator means, and 
circuit means for resetting the storage means, pi- 
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loted by the second comparator means so as to 
reset the storage means each time the signaJ pro- 
vided by the integrator circuit exceeds the thresh- 
old signal. 

Further characteristics and advantages of the 
present invention will become clear from the de- 
tailed description which follows with reference to 
the appended drawings, provided by way of non- 
limiting example, in which the block diagram of a 
circuit according to the invention is shown. 

In the appended drawing, a variable-reluctance 
electromagnetic rotation sensor of the phonic wheel 
type is generally indicated 1. In general, this com- 
prises a toothed rotor W with which an inductive 
pick-up, indicated P, Is associated. 

The inductive pick-up P is connected to the 
input of a first threshold comparator with hyster- 
esis, indicated 2. This comparator is arranged so 
that its output changes state (for example^hanging 
from high level to low level) when the signal V p 
provided by the pick-up exceeds the level of a 
threshold signal Vi provided by a generator 3. The 
level of the threshold signal Vi is conveniently a 
function of the amplitude of the signal V p . 

The comparator 2 changes state again when 
the signal V p falls below zero. In this case, each 
leading edge of the signal V c provided at the output 
of the comparator 2 is Indicative of a zero-crossing 
of the signal V p . 

The pick-up P is also connected to the input of 
an integrator circuit, generally indicated 4 and pro- 
duced, for example, with the use of an operational 
amplifier 5 and a feedback capacitor 6. The signal 
V, provided at the output of the circuit 4 cor- 
responds to the Integral of the signal V p provided 
by the pick-up, and is applied to the input of the 
second threshold comparator 7, as well as to a 
sampling and storage circuit, generally indicated 8. 
The latter circuit includes a peak-detector 9 to 
whose input the signal Vj is applied, and a storage 
capacitor 10, connected to the output of the peak 
detector. A controlled switch, Indicated 11, is ar- 
ranged in parallel with the capacitor 10 and is 
constituted, for example, by a transistor. The switch 
is controlled by the output of a monostable circuit 
12 whose Input is connected to the output of the 
threshold comparator 7. 

In the embodiment illustrated, the capacitor 10 
and the switch 11 are connected between the out- 
put of the peak detector and earth. However, the 
circuit 8 may be produced in an equivalent form, In 
which the capacitor and the associated switch are 
connected between the output of the peak detector 
and the non-earthed pole of the supply voltage. 

The output of the sampling and storage circuit 
8 is connected to a divider circuit 13 which is 
arranged to divide the voltage of the signal applied 
to Its Input by a predetermined factor, for example 



by a factor of 2. The output of the voltage divider 
13 is connected to a threshold comparator circuit 7. 
The outputs of the threshold comparators 2 
• and 7 are connected to two inputs ot a logic circuit 
5 indicated 14. 

In operation, when a tooth of the rotor W 
passes in front of the pick-up P, the latter emits a 
signal whose amplitude is initially positive and then 
suddenly changes its sign, passing through zero. 
io The signal is integrated by the circuit 4 and the 
resulting signal V, is applied to the input of the 
peak detector 9. In this situation, the switch 11 is in 
. Its non-conducting condition or state, so the ca- 
pacitor 10 is charged at the peak voltage reached 
is by the integrated signal V,. The threshold signal V 2 
supplied to the comparator 7 by the voltage divider 
13 therefore has an amplitude which Is proportional 
to the peak value reached by the integral of the 
signal provided by the pick-up P. As soon as the 
20 signal V, exceeds the level of the signal V 2 , the 
comparator 7 provides an output signal which en- 
ables the logic circuit 14 to output the signal V c . 
The signal output by the threshold comparator 7 
also activates the monostable circuit 12 which 
» causes the switch 11 to switch to the conduction 
condition or state for a predetermined period of 
time, causing the rapid discharge of the capacitor 
10. When this very short period of time has 
elapsed, the switch 11 returns to the non-conduct- 
30 ing condition or state so that the capacitor 10 is 
ready to store the new peak value reached by the 
integrated signal Vj. 

K is clear from the above explanation that the 
amplitude of the threshold V 2 is variable in depen- 
35 dence on the amplitude of the signal Vi emitted by 
the integrator circuit 4. The operation of the circuit 
described as a whole can thus be made practically 
insensitive to variations in the ^amplitude of the 
integrated signal (V,) which in practice may not be 
48 negligible. 



45 1. A circuit for processing the signal <V P ) gen- 
erated by a variable-reluctance electromagnetic ro- 
tation sensor (1. W. P) comprising: 
first threshold comparator means (2, 3) for compar- 
ing the signal (V p ) provided by the sensor (1, W, P) 

so with a threshold signal (V, ) and providing an output 
reference signal (V e ) indicative of the zero-crossing 
of this signal (Vp), 

an Integrator circuit (4) which is likewise Intended 
to be connected to the sensor (1, W, P), 
55 second comparator means (17) for providing an 
enabling signal (W.) when the signal (V,) provided 
by the integrator (4) exceeds a second threshold 
signal (V 2 ), and 
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a logic circuit (14) having first and second inputs 
connected to the outputs of the first and second 
comparator means (2, 7) respectively and arranged 
to transmit an output reference signal (VJ which is 
indicative of the zero-crossing of the signal of the 
sensor only when the second comparator means 
(7) provide the enabling signal ;(V e ), 
characterised in that the second comparator means 
(7) comprise: <; 

a threshold-signal generator circuit (8, 13) con- 
nected to the output of the integrator circuit (4) for 
generating a threshold signal (V2) whose amplitude 
is variable in a predetermined manner in depen- 
dence on the amplitude of the signal (Vj) emitted 
by the integrator circuit (4), and 
a comparator circuit (7) having its inputs connected 
to the output of the integrator circuit (4) and to the 
output of the threshold signal generator circuit (8, 
13). 

2. A circuit according to Claim 1, characterised 
in that the threshold-signal generator circuit com- 
prises: 

a peak-detector circuit. (9) having its input con- 
nected to the output of the integrator circuit (4), 
storage means (10) connected to the output of the 
peak-detector circuit (9), and 
circuit means (11, 12) for resetting the storage 
means (I0),piloted by the second comparator 
means (7)>so:as to reset the storage- means (10) 
each time the signal (V r ) provided by the. integrator 
circuit (4) exceeds the threshold signal (V 2 ). 

3. A circuit according to Claim 2, characterised 
in that the storage means, comprise a capacitor (10) 
and that the reset means (11, 12) comprise a 
switch (11) connected, to the capacitor (10) and 
piloted by a monostable circuit (12) controlled by 
the output of the comparator circuit (7). 
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